Narrowing the gaps in mortality and preventable burden of disease between rich and poor nations was a central motivation behind the creation of and support for the Millennium Development Goals (MDGs). The signatories of the United Nation' s Millennium Declaration, which laid the foundation for the MDGs, stated that "In addition to our separate responsibilities to our individual societies, we have a collective responsibility to uphold the principles of human dignity, equality and equity at the global level." 1 The MDGs set targets that defined success based on national improvements, and progress for health-related MDGs has commonly focused on measuring changes in national indicators, such as maternal and under-5 mortality. [2] [3] [4] National trends, however, say little about health inequalities within countries. Improvements in population health metrics may be associated with either narrowing or widening gaps in mortality among socioeconomic strata. Faster declines in mortality among the wealthy compared with the poor may lead to widening differences across the wealth gradient, whereas faster declines among the poor mayleadtoconvergence.Preferentialuse of health care or the development of new health technologies that address diseases whose burden is differentially distributed across the wealth gradient may leadtounevenprogress.Theseprocesses have been used to explain widening gaps in life expectancy in the United States by education, race, and wealth. [5] [6] [7] The literature characterizing changing health inequalities is predominantly from developed countries, whereas the trends in low-and middle-income countries (LMICs) are largely unknown. 8, 9 One analysis of nationally representative child mortality data in 22 LMICs between 1991 and 2001 found no evidence to suggest that inequalities in under-5 mortality by wealth changed over that 10-year span. 10 Modeling studies suggest that inequalities in child mortality could grow or shrink based on relative progress in achieving the MDGs by different wealth groups. 11 These studies argue that, because the burden from communicable diseases in LMICs is highest among the poorest, whereas that from noncommunicable diseases is highest among the least poor, accelerating control of communicable diseases would decrease rich-poor gaps, and accelerating control of noncommunicable diseases could increase inequalities. 12 Since 2000, substantial efforts and resources have been invested in the control of communicable diseases, such as HIV, malaria, tuberculosis, and vaccine-preventable illnesses. 13 At the same time, the poorest appear to use the health services afforded by these investments (immunizations, antiretroviral drugs, or oral rehydration therapy) less than those who are better off. 11 In addition, data on the overall balance of efforts to control communicable and noncommunicable diseases in LMICs is scant because accounting of domestic resource for disease control is rarely available, posing challenges to any projections of health inequalities.
Understanding whether countries are experiencing converging or diverging under-5 mortality matters for policymaking. Child survival improvements that are associated with growing health inequalities may lead to different policy decisions in comparison with improvements with converging mortality trends. This analysis addresses this knowledge gap.
METHODS

Data Sources
This study uses all standard Demographic and Health Surveys (DHSs) with nationally representative informationon wealth status and complete birth registries, a total of 85 surveys from 54 countries conducted between 2002 and 2012. 14 In a subset of 29 countries, 2 DHS waves have been completed. This subset was used in an analysis of repeated measurements of child mortality (the earliest and most recent waves were used for Indonesia and Bangladesh, where 3 waves have been completed during this period); the entire set of 54 countries was used in creating and analyzing longitudinal records from the birth registries. Table 1 contains the list of surveys and relevant descriptive information.
Wealth Status
Wealth status in DHSs is indicated in each survey by using quintiles of a continuous wealth index, normalized to each survey' s information. The index is obtained by using a principal components analysis of household assets and services, such as electricity, water supply, and floor material. 15, 16 Wealth was regrouped into tertiles from the household population datasets, such that the analyses compared the poorest, middle, and least-poor tertiles. This regrouping was done to increase the sample size within each tertile and to reduce measurement error from miscategorization of individuals into the wrong quantile because of inaccurate measurement of household assets or changes in the household' s relative wealth status over time. Additional details on the wealth tertile regrouping procedure are in Supplemental Appendix 1.
Under-5 Mortality
Under-5 mortality was estimated from the DHS birth registries. Complete birth registries, obtained from women 15 to 49 years old in sampled households, contain, for every live birth, the month of birth, survival status, and age at death (in months) for children who died. Using this information, synthetic cohort life tables for under-5 children were constructed following the DHS approach to produce a standard metric of under-5 mortality, the probability of dying before reaching age 5 per 1000 live births (5q0). 17 Although recent studies suggest short time windows may be appropriate with larger DHS surveys, 5-year windows were used throughout. 18 
Estimating Trends in Under-5 Mortality by Wealth
Two principal approaches were used for examining the trends in mortality over time. The first approach measured between-survey changes among those 29 countries that had .1 DHS wave. These countries are in the first portion of Table 1 . Two measures were used to characterize changes in under-5 mortality in repeated surveys: the average annual change in under-5 mortality between the first and second wave for each wealth tertile (slope), and the ratio between under-5 mortality among the poorest and least-poor tertiles (mortality ratio). Nonparametric analysis of variance (Kruskal-Wallis) was used to test the equality of the slopes among the 3 wealth tertiles. The change in under-5 mortality ratio between surveys was estimated with a linear regression model, in which the dependent variable was the mortality ratio in each survey, and the independent variables included the year of the survey and country dummies (fixed effects). This provided the estimated within-country annual change in the mortality ratio between repeated surveys. All regression specifications are in Supplemental Appendix 2.
The second analysis used the information contained within each survey to create longitudinal within-survey estimates of inequalities in under-5 mortality. This was accomplished by restricting the birth cohort to the 5-year period preceding each year, up to 10 years before the year of the survey. . This approach has several limitations: distant retrospective data suffer from recall bias, retrospective cohorts may not be nationally representative, and the wealth status of households whose relative wealth changed significantly over the 10-year period may be misclassified. On the other hand, it allows an examination of a greater number of countries, 54 as compared with 29, by using longitudinal analyses of single survey data, whereas consecutive surveys may differ based on sampling or other chance events. 19 The combined data for all 85 survey waves is in Figure 1 ; separate figures for all surveys are available in Supplemental Appendix 3.
These data were used to analyze the differences in under-5 mortality rate declines by wealth, as well as the changes in the mortality ratio within surveys. 
RESULTS
Information in 85 surveys (54 countries) from 1 267 167 women living in 929 224 households was used to create datasets with under-5 mortality estimates by wealth tertile. Overall, there is consistent evidence to suggest that the wealth gradient in under-5 mortality has been closing between 1995 and 2011. This convergence is measurable in both the mortality rate difference and in the ratio of under-5 mortality rates between the poorest and least poor.
Convergence in Repeated Surveys
The first wave of surveys among the 29 countries with repeat surveys was conducted between 2002 and 2007, and the second wave between 2008 and 2012 (Table 1) . Convergence in mortality was measurable both in mortality rate differences, and mortality ratio measures. Figure 2 shows that the annual decline in under-5 mortality between surveys was, on average, greatest among the poorest. 
Within-Survey Longitudinal Convergence
Examining the longitudinal trends generated from all 85 surveys in the 54 study countries provides additional support for convergence. Figure 1 shows the distribution of under-5 mortality estimates from the 85 surveys along with a smoothed (median spline) fit curve for each wealth stratum from 1995 to 2011. Overall, under-5 mortality declined in the study countries from a median of 146 per 1000 live births in 1995 to 75 per 1000 live births in 2011. Table 2 and Supplemental Appendix 5 demonstrate that the difference in under-5 mortality between the poorest and least poor has been shrinking along with the overall mortality declines. Regression analysis supports the convergence of under-5 mortality across wealth tertiles in the 54-country sample. In a linear model, regressing under-5 mortality on an interaction between the year and wealth tertile indicators with country fixed effects to examine within-survey trends and robust SEs clustered by survey (to account for serial correlation), under-5 mortality declined among the poorest by 4.04 per 1000 live births faster than the least poor (P , .001) annually, and among the middle tertile by 2.46 per 1000 live births faster than the least poor (P , .001) annually over the period from 1995 to 2011 (Supplemental Appendix 2).
Heterogeneity in Convergence
The mortality rate ratio, however, has not declined across all surveys. Among the 85 surveys used in this study, the mortality rate ratio decreased between the first and last years of measurement in 64 surveys, from 2.11 to 1.55 on average; in 21 surveys, however, the ratio has increased from 1.58 to 1.88 (Fig 3) . Regression analyses were used to identify correlates of mortality convergence. In univariate regressions, the difference between the mortality rate ratio in the first and last years of measurement was significantly associated with 4 governance indicators (Government Effectiveness, Rule of Law, Control of Corruption, and Regulatory Quality; P # .03 for all 4), and positively related to all governance indicators (ie, better governance scores were related to greater convergence). Declining mortality ratio was not significantly related to GDPpc, TFR, urbanization, HIV prevalence, or public health spending as a percentage of gross domestic product (Table 3) . Multivariate regressions of each governance indicator, adjusted for the other health and development indicators (GDPpc, TFR, urbanization, HIV prevalence, or public health spending as a percentage of gross domestic product), are consistent with the relationship between governance quality and mortality convergence.
Supplemental Appendix 4 also shows that using the DHS' s 5-quintile wealth index is associated with a similar gradient of under-5 mortality declines, greatest among the poorest and smallest among the least poor.
DISCUSSION
This analysis of under-5 mortality trends presents evidence for a grand convergence of mortality across the wealth spectrum in low-and middle-income countries. These findings may be surprising given the large and, according to some measures, growing differences in mortality between wealthy and poor nations and between the rich and poor within nations. 9, 22 This convergence is consistent with the theory that the intensive efforts to reduce the burden of communicable diseases resulted in
FIGURE 2
Average annual decline of under-5 mortality (5q0) by wealth tertile in 29 countries with repeated DHS surveys (and 95% CI bars). Only the first and most recent surveys of countries with repeat surveys were used in this analysis. The absolute annual declines in 5q0 were greatest in the poorest tertile and smallest in the least poor. preferential declines of under-5 mortality among the poorest. The global epidemiologic trends of communicable diseases support this position: the relative burden of 4 dominant communicable diseases that preferentially afflict the poorest in LMICs (lower respiratory illnesses, diarrhea, malaria, and measles) has declined from a total of 40% of all disability-adjusted life years lost in 1995 to 32% in 2010 among children in developing countries. 23 Over the same period, the share of disability-adjusted life years lost due to neonatal causes and noncommunicable diseases among under-5 children residing in developing countries has increased from 36% to 43%. 23 Several possibilities could explain why this convergence is occurring now, whereas an analysis of household survey data up to 2001 failed to find convergence. 10 Development assistance for health increased nearly threefold between 2000 and 2010, and the rise in investments was directed mostly toward the control of communicable diseases through large organizations, such as The Global Fund to Fight AIDS, Tuberculosis, and Malaria and the GAVI Alliance (formerly the Global Alliance for Vaccines and Immunization). 13 The extent to which these investments have effectively reduced the burden of communicable diseases is an active debate. 24, 25 However, recent evidence suggests that under-5 mortality among the poor declined preferentially where greater development assistance investments have been made, particularly for malaria control. 26 Although improving mortality equity among under-5 children across the wealth spectrum may be welcome news, this analysis also shows that this pattern was not universal. Equity in under-5 mortality decreased over time in nearly a fourth of surveys examined, a relationship associated with poor governance. Several studies suggest that governance matters for child survival through provision of public goods, including public health interventions. 27, 28 This analysis adds to that literature by showing that better governance may be important for improving equity in child mortality, at least in LMICs.
This finding raises questions about the role of health aid institutions in supporting programs in poorly governed countries. On the one hand, the poorest in countries with poor governance may be most in need of public health programs, as the evidence in this study shows they may be falling behind relative to less-poor populations. On the other hand, supporting public health programs in well-governed countries may promote equity in child mortality in addition to providing health benefits. The Global Fund to Fight AIDS, Tuberculosis, and Malaria has been operating in fragile states, although not always successfully. 29 One approach may be to condition health aid on meeting governance standards. This approach has been shown to promote governance reforms with possible evidence of improved management of foreign aid funds. 30 An important consideration in this analysis is that the primary determinant under scrutiny is relative wealth, not absolute wealth. Several of the countries in this study witnessed rapid economic growth over the study period, and it is likely that the wealth of many households increased even as they remained in the same relative wealth tertile. Absolute wealth may be a critical determinant if under-5 mortality is proportional to absolute wealth, and wealth gradients also have been converging. Alternatively, absolute wealth may be a critical determinant if increasing absolute wealth led to greater (or more efficient) investments in health among the poorest compared with the least poor. This analysis does not examine the independent role of absolute wealth changes in reducing mortality inequity; although, in high-income countries, increasing absolute wealth has not been associated with mortality convergence, which some speculate may be related to increasing income inequality. 31 A related concern may be that wealth is measured at the time of the survey. This concern raises doubts about misclassification of relative wealth status in the retrospective within-survey analyses.
Reducing the number of wealth quantiles was done for that reason, so that households could experience substantial changes in wealth without changing their relative wealth rank. In addition, the wealth index was constructed by using durable household possessions, such as floor material and roof material. Possession of such goods changes slowly over time relative to income or consumption, conferring additional stability to the wealth index. 16 The householdmortality and wealth data used in this analysis come with uncertainty. The DHS methodologists developed a sophisticated approach for estimating standard errors by using block jackknife to account for the complexity in the statistics and study designs. 18, 32 The uncertainty in the monthly estimates may bias trend measurements. However, an analysis of DHS surveys suggests that differences .15% in under-5 mortality between consecutive surveys signals true trends (the threshold is lower in bigger surveys). 19 Among the 29 countries with repeat surveys, the median reduction in under-5 mortality is 25.2%, and it is ,15% in all 3 wealth tertiles in only 1 country (Zimbabwe). Thus, although this analysis relies on the uncertain mortality point estimates, the large changes in under-5 mortality during the study period relax some concerns over uncertainty in the trends.
Across much of the developing world, the recent declines in under-5 mortality have been fastest among the poorest, suggesting a widespread convergence of child mortality. This convergence was not shared across all countries, however. Although the drivers of this convergence remain a topic of investigation, this article presents evidence that good governance was related to this convergence. These findings have important implications for prioritization of global health investments and for future research on global health improvements. 33 a These estimates provide the univariate association from separate linear regression models where the dependent variable is the difference between the first and last years of measurement within each survey and the correlates are in the first column. A positive association indicates that higher levels of the correlate were associated with greater convergence of the mortality ratio. The year of each correlate is the year of the survey, although the findings were similar when using the average value over the period of measurement or the first year of measurement for each survey. b In multivariate analysis, the dependent variable remained the difference between the first and last years of measurement within each survey; the independent variables included the governance indicators and 5 covariates shown at the top of the table (GDP per capita, total fertility rate, urbanization, HIV prevalence, and public health spending as a percentage of GDP). Each governance indicator was analyzed separately. The effect size and significance of the governance indicators is generally similar, or slightly larger, than in the univariate associations, suggesting a stable relationship between governance quality and convergence of mortality across wealth gradients. c These columns indicate the mean of the correlates in 2 groups of surveys: those surveys in which the mortality ratio declined (64 surveys), and those in which it climbed (divergence of mortality, observed in 21 surveys). d GDPpc measurements in 1000s of constant 2005 USD were used for the univariate association. e The Worldwide Governance Indicators summarize surveys, private sector, and public sector data into a score on 6 dimensions of governance. Complete descriptions of each indicator are available through the Worldwide Governance Indicators portal. 34 The composite scores for each indicator are normalized and range from approximately -2.5 to 2.5, with higher values corresponding to better governance. The mean score for all indicators is ,0 for the study countries, although the scores were consistently higher in those surveys in which convergence was observed compared with surveys with diverging under-5 mortality. * P , .05.
